Varying the concentration of Triton X-100, a nonionic detergent used to promote the DNA polymerase activity of Rous sarcoma virus in an endogenous reaction, showed a very sharp peak at about 0.02% (vol/vol) for optimal DNA synthesis. The yield of DNA at this concentration of Triton exceeded yields obtained at concentrations above the optimum by a factor of 2-5 for the 90-min reaction. At optimal Triton concentration, about 1-7% of the DNA made in the absence of actinomycin and about 4-10% of the DNA made in the presence of actinomycin was 2.5 X 106 daltons or greater, as estimated by formamide polyacrylamide gel electrophoresis and by alkaline sucrose gradient sedimentation. No large DNA was obtained at higher than optimal Triton concentrations. The large DNA molecules were rendered totally resistant to single-strand specific nuclease SI after hybridization to an excess of viral RNA. It was concluded that at optimal detergent concentration, the viral DNA polymerase can synthesize full-size DNA transcripts of viral RNA. Avian tumor viruses contain 60-70S RNA, which consists predominantly of two 35S RNA subunits (1) with an approximate molecular mass of 3 X 106 daltons (2). The mass of avian tumor virus RNA has been estimated on the basis of genetic (3) and biochemical studies (4-7) to be around 3 X 106 daltons, implying that the 60-70S RNA is diploid, consisting of two very similar or identical subunits. In agreement with this, the minimal size of infectious proviral DNA, recovered from virus infected cells, was determined to be about 6 X 106 daltons (8). In vitro transcription of viral RNA by viral DNA polymerase was reported in many laboratories to lead only to short DNA transcripts ranging up to 200,000 daltons in size (9-11). Nevertheless the DNA made in vitro in an endogenous reaction [i.e., detergent-disrupted virus (9, 10)] includes all sequences of viral RNA, because it was shown to render viral RNA completely resistant to RNase after hybridization with excess DNA (11, 12) . It would appear then that in the conditions described above, all sequences of viral RNA were transcribed to DNA by viral DNA polymerase although transcription of all viral RNA sequences into a continuous DNA strand of about 3 X 106 daltons was not observed.
ABSTRACT
Varying the concentration of Triton X-100, a nonionic detergent used to promote the DNA polymerase activity of Rous sarcoma virus in an endogenous reaction, showed a very sharp peak at about 0.02% (vol/vol) for optimal DNA synthesis. The yield of DNA at this concentration of Triton exceeded yields obtained at concentrations above the optimum by a factor of 2-5 for the 90-min reaction. At optimal Triton concentration, about 1-7% of the DNA made in the absence of actinomycin and about 4-10% of the DNA made in the presence of actinomycin was 2.5 X 106 daltons or greater, as estimated by formamide polyacrylamide gel electrophoresis and by alkaline sucrose gradient sedimentation. No large DNA was obtained at higher than optimal Triton concentrations. The large DNA molecules were rendered totally resistant to single-strand specific nuclease SI after hybridization to an excess of viral RNA. It was concluded that at optimal detergent concentration, the viral DNA polymerase can synthesize full-size DNA transcripts of viral RNA. Avian tumor viruses contain 60-70S RNA, which consists predominantly of two 35S RNA subunits (1) with an approximate molecular mass of 3 X 106 daltons (2) . The mass of avian tumor virus RNA has been estimated on the basis of genetic (3) and biochemical studies (4-7) to be around 3 X 106 daltons, implying that the 60-70S RNA is diploid, consisting of two very similar or identical subunits. In agreement with this, the minimal size of infectious proviral DNA, recovered from virus infected cells, was determined to be about 6 X 106 daltons (8) . In vitro transcription of viral RNA by viral DNA polymerase was reported in many laboratories to lead only to short DNA transcripts ranging up to 200,000 daltons in size (9) (10) (11) . Nevertheless the DNA made in vitro in an endogenous reaction [i.e., detergent-disrupted virus (9, 10) ] includes all sequences of viral RNA, because it was shown to render viral RNA completely resistant to RNase after hybridization with excess DNA (11, 12) . It would appear then that in the conditions described above, all sequences of viral RNA were transcribed to DNA by viral DNA polymerase although transcription of all viral RNA sequences into a continuous DNA strand of about 3 X 106 daltons was not observed.
The difficulties in obtaining full-length viral DNA transcripts in vitro may have several sources: (i) the detergents necessary to promote virion-associated DNA polymerase activity (9) may also permit virus penetration by virus-associated nucleases. Such nucleases have been shown to degrade the viral RNA template (13) (14) (15) (16) and may also degrade DNA synthesized in vitro. ( ii) The majority of the RNA molecules of conventionally prepared virus, which is harvested from infected cultures at 12-to 24-hr intervals was shown to be fragmented (17) (18) (19) contains 60% protein and about 2% RNA (22) and was observed to have an A26o/A28o ratio of 1.05 in sodium dodecyl sulfate at pH 7.0, which is consistent with a protein/RNA ratio of 25:1 (23) .
RESULTS
Viral DNA Synthesis as a Function of Different Concentrations of Triton X-100. Since both the viral DNA polymerase and the virus-associated RNase require detergent to become active on the viral RNA, it appeared possible that by varying the concentration of the detergent a condition could be found that favors the action of the polymerase over that of the RNase. Fig. 1 shows that increasing the Triton X-100 concentration for a given amount of virus increases the yield of DNA synthesized in vitro until it reaches a narrow peak at about 0.02%. At higher concentrations of detergent, DNA synthesis declines to a broad plateau of about half-maximal activity that extends to 0.5% Triton X-100. Under conditions more optimal for DNA synthesis (50 ,uM dTTP, 2 mM Mg and 15 mM dithiothreitol; else as in Fig. 1 ), the difference between peak and plateau levels approached 5-fold (not shown). Narrow detergent optima have been shown previously for the endogenous polymerase activity of murine RNA tumor viruses (24, 25) , but avian viruses have in the past been reported to have relatively broad optima with this variable (26, 27 ). The Triton X-100 concentration necessary to obtain maximal DNA synthesis increased linearly, but nonstoichiometrically with the concentration of virus used (Fig. 2) .
Some characteristics of long-term (18 hr) viral DNA synthesis at optimal detergent concentrations are summarized in Table 1 . Up to 17 ,ug of viral DNA was made in a reaction mixture containing about 50 ,tg of viral RNA with limiting concentration of dNTP at l0-5 M. With all four dNTPs at 10-4 M, synthesis levels were observed to increase 2-to 3-fold for the long-term reaction and a further 1.5-fold with all dNTPs at 10-3 M (data not shown). In accord with the results of others (12) , the presence of actinomycin reduced the yield of DNA 3-to 4-fold ( Table 1 ). The DNA made in the absence of actinomycin was over 60% double-stranded, as determined by its resistance to the single-strand specific nuclease S1, whereas the DNA made in the presence of actinomycin was less than 20% double-stranded (Table 1 ). Higher nucleotide concentrations were found to reduce the effectiveness of the actinomycin-mediated suppression of second (Fig. 3A) and in the presence of actinomycin (Fig. 3B) . The (A) DNA was prepared in the absence of actinomycin as described for Table 1 . Sedimentation was performed in 5-20% sucrose gradients containing 0.33 M NaOH, 0.5 M NaCl, and 0.02 M EDTA for 10 hr at 40,000 rpm in an SW41 rotor without DNA markers. Molecular weight positions of phage P4 and SV40 DNAs which were centrifuged in parallel (arrows) are estimated from the data of (B). its high sedimentation coefficient on resedimentation, and to have formed a peak at about 2.65 X 106 daltons (Fig. 5C) . A second aliquot was electrophoresed in formamide in the presence of a 35S RSV [32P]RNA marker. The peak position of DNA in the gel was 3 to 3.5 X 106 daltons and coincided with that of the marker RNA (Fig. 5D) . The weight average of the gel profile was about 2.5 X 106 daltons, as with the sedimentation profile.
Of the two preparations listed in Table 1 , approximately 3-5% of the DNA made in the absence of actinomycin was 2.5 X 106 daltons or greater in size and 12-19% of this DNA was greater than 1 X 106 daltons ( 33 ) would be of the order of 3 x 10-4 to 3 X 10-3 M-sec, given the generally slower rates of RNA-DNA annealing relative to DNA-DNA annealing (16, 35) . At reaction termination, the Rot was 4 M-sec under our conditions. Resistance to nuclease S1 was determined as described for Table 1. S1 resistant backgrounds of about 12 cpm or 1% of the input radioactivity were subtracted.
Under conditions of detergent concentration optimal for DNA synthesis, the viral RNA and DNA polymerase are retained within a core, permeable to ingredients of the reaction mixture. In this state the virus structure is sufficiently intact to retain its capacity to restrict but not eliminate access of virus-associated RNase to the viral RNA (viral RNA is slowly degraded) (16) . The failure to observe large DNA transcripts at higher than optimal detergent concentrations may, according to this hypothesis, be attributed to the action of RNase on the template.
It is not yet clear whether the large, and full-sized DNA molecules made in our experiments represent complete copies of viral 35S RNA rather than a large molecule with redundant sequences. However, experiments carried out with unfractionated DNA made under our conditions indicate that this DNA has a high complexity and renders viral RNA completely resistant to RNase after hybridization with a low 2-to 5-fold excess of complementary DNA (16) . This and the finding that none of our DNA transcripts was larger than the 35S viral RNA template suggest that these large DNA molecules probably represent transcripts that are colinear with viral RNA.
It would follow that the viral DNA polymerase is sufficient to transcribe viral RNA into a full-size DNA complement and that full-size viral DNA copies synthesized in vitro could be used for heteroduplex mapping of viral RNAs or for the specific detection of all viral RNA or DNA sequences in virus-infected and transformed cells.
